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We consider the supersymmetric extension of the Standard Model with neutrino Yukawa
interactions and R-parity violation. We found that R-parity breaking term λiν¯iHuHd
leads to an additional F -type contribution to the Higgs scalar potential, and thus to
the masses of supersymmetric Higgs bosons. The most interesting consequence is the
modification of the tree-level expression for the lightest neutral supersymmetric Higgs
boson mass. It appears that due to this contribution the bound on the lightest Higgs
mass may be shifted upwards, thus slightly opening the part of the model parameter
space excluded by non-observation of the light Higgs boson at LEP in the framework of
the Minimal Supersymmetric Standard Model.
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1. Introduction
The searches for the Higgs boson and new phenomena beyond the Standard Model
of fundumental interactions are important tasks for the new particle accelerator
– the Large Hadron Collider. The most popular direction beyond the SM is low
energy supersymmetry. However, it is not clear how supersymmetry is realized.
The simplest case – the Minimal supersymmetric Standard Model (MSSM)1,2,3,4
– is studied in detailes, however possible deviations from it are of great interest as
well. There exists a wide class of models which contain so called R-parity breaking
interactions leading to the violation of lepton and baryon numbers5. These models
have a number of new coupling constants, some of them are badly constrained, for
instance, by rare processes, other ones are less restricted.
In this Letter we consider the model with the neutrino Yukawa interactions and
related R-parity violating term in the superpotential. The interesting consequence
of including the R-parity violating λiν¯iHuHd term is the modification of the tree-
level expressions for the Higgs boson masses and upper bound on the lightest Higgs
boson mass in the MSSM.
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2. MSSM Higgs scalar potential, minimization conditions and
supersymmetric Higgs boson masses
In this chapter we consider general features of supersymmetric theories related to
the scalar potential, its minima, and masses of the physical Higgs boson states. It is
well known that in these theories the scalar potential is not an arbitrary function of
the fields but is fixed by supersymmetry. The sources of the Higgs scalar potential
are D-terms coming from gauge-Higgs interactions, F -terms originating from the
superpotential, and soft supersymmetry breaking terms:
VHiggs =
1
2
D2 + F ∗F + Vsoft(H)
In the MSSM based on the SU(2)L×U(1)Y symmetry group the D-term contribu-
tion reads
1
2
∑
G
∑
α
∑
i,j
g2G(φ
†
iT
α
Gφi)(φ
†
jT
α
Gφj)
where the sum is taken over the gauge groups, their generators, and scalar compo-
nents of the chiral Higgs superfields. From the R-parity conserving MSSM super-
potential
WRMSSM = y
ij
u u¯iQj ·Hu − yijd d¯iQj ·Hd − yije e¯iLj ·Hd + µHu ·Hd, (1)
only the Higgs mixing µ-term
WRMSSM ∝ µHu ·Hd = µ
(
H+u H
−
d −H0uH0d
)
gives the contribution to the F -part of the VHiggs:
∣∣∣∣ ∂W∂Hi
∣∣∣∣
2
∝ |µ|2(|H+u |2 + |H−d |2 + |H0u |2 + |H0d |2).
The Higgs doublets are defined as
Hu =
(
H+u
H0u
)
, Hd =
(
H0d
H−d
)
,
and the ”dot” operation (·) denotes the SU(2) convolution of the (super)fields
doublets with the help of the totally antisymmetric ǫij-tensor.
Soft supersymmetry breaking is parametrized by the mass terms for the corre-
sponding scalar components of the Higgs superfields and an analogue of the Higgs
mixing term BµHd ·Hu
Vsoft = −m2HuH†u ·Hu −m2HdH†d ·Hd − (BµHu ·Hd + h.c.). (2)
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The final form of the Higgs scalar potential then reads
V (Hd, Hu) =
(|µ|2 +m2Hu) (|H+u |2 + |H0u |2)+ (|µ|2 +m2Hd) (|H0d |2 + |H−d |2)
+ Bµ
(
H+u H
−
d −H0uH0d
)
+ h.c.
+
g2 + g′2
8
(
|H+u |2 + |H0u |2 − |H0d |2 − |H−d |2
)2
+
g2
2
∣∣∣H+u H0†d +H0uH−†d
∣∣∣2 . (3)
To calculate the masses of physical Higgs boson states one has to take the second
derivatives of the scalar potential (3) with respect to the corresponding real and
imaginary components of the Higgs fields taken at the minima and then diagonalize
the mass-squared matrices. Then one gets the following expressions6,7 for the mass
of the CP -odd Higgs boson A0
m2A0 =
2Bµ
sin 2β
, (4)
for the heavy and the lightest neutral CP -even Higgs bosons H0 and h0
m2H0,h0 =
1
2
(
m2A0 +M
2
Z ±
√(
m2
A0
+M2Z
)2 − 4m2
A0
M2Z cos
2 2β
)
, (5)
and for the pair of charged Higgs bosons H±
m2H± = m
2
A0 +M
2
W . (6)
Three mass eigenstates remain zero corresponding to the Goldstone bosons eaten
by SU(2)L gauge bosons in the Higgs mechanism. Here we have introduced the
standard notation tanβ = vu/vd — the ratio of the vacuum expectation values of
the neutral components of the two Higgs boson doublets.
The assumption m2
A0
≫ M2
Z0
in Eqn.(22) leads to the well-known tree-level
expression for the lightest MSSM Higgs boson mass
m2h0 =M
2
Z0 cos
2 2β (7)
and the famous inequality
m2h0 < M
2
Z0 . (8)
However, radiative corrections coming mainly from the top-stop loops badly violate
this inequality6. For the loop corrected lightest Higgs mass one has
m2h0 =M
2
Z0 cos
2 2β +
3g2m4t
16π2M2W
log
m˜2t1m˜
2
t2
m4t
p+ 2 loops (9)
which shift the mass bound upwards8,9,10,11,12. Renormgroup resummation of all-
order leading log contributions using effective potential approach slightly changes
the predictions13.
Besides, the MSSM scenario with tanβ ≤ 3 is excluded experimentally by non-
observation of the Higgs boson lighter than 114 GeV.
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3. Supersymmetric Standard Model with the Right-handed
Neutrino and R-parity breaking
The superpotential of the Standard Model (1) is constructed under assumption that
neutrinos are massless (there are no Yukawa interactions for the neutrinos which can
generate Dirac neutrino mass terms after the electroweak symmetry breaking) and
the R-parity is conserved. In this case it repeats (up to notations) the Yukawa part
of the Standard Model lagrangian. However, it is believed nowadays that neutrinos
have masses, even tiny, then the neutrino Yukawa term
yijν ν¯iLj ·Hu (10)
in the superpotential is possible and should be included (ν¯i here are SU(2) singlet
right-handed neutrino superfields, and yijν are neutrino Yukawa couplings). The
latter implies that one also has to include a term
λiν ν¯iHu ·Hd. (11)
to the R-violating part (recall that L and Hu superfields have the same quantum
numbers and no symmetries but lepton number are violated). Therefore we consider
the superpotential of the model in the form:
W =WRMSSM + y
ij
ν ν¯iLj ·Hu + λiν ν¯iHu ·Hd. (12)
The soft supersymmetry breaking Lagrangian also includes the following terms:
LSSB = ...+Aijν ν¯iLj ·Hu +Aiλν¯iHu ·Hd. (13)
(ν¯i, Lj, Hu, Hd here are scalar components of the corresponding superfields).
The model with this kind of superpotential has been previously considered and
studied14,15, however the authors were mainly interested in the solution of the
µ-problem rather than Higgs mass predictions in the model. Note also, that for
simplicity we do not consider sneutrino v.e.v.
The λiν ν¯iHu ·Hd term gives the F -type contribution to the Higgs self-coupling,
and the Higgs scalar potential now reads
V = VMSSM +
∣∣λiνλiν ∣∣ ∣∣H+u H−d −H0uH0d∣∣2
=
(|µ|2 +m2Hu) (|H+u |2 + |H0u |2)+ (|µ|2 +m2Hd) (|H0d |2 + |H−d |2)
+ Bµ
(
H+u H
−
d −H0uH0d
)
+ h.c.
+
g2 + g′2
8
(
|H+u |2 + |H0u |2 − |H0d |2 − |H−d |2
)2
+
g2
2
∣∣∣H+u H0†d +H0uH−†d
∣∣∣2
+
∣∣λiνλiν ∣∣ ∣∣H+u H−d −H0uH0d∣∣2 . (14)
The minimization conditions for the potential (14) have an additional term due to
new neutrino-Higgs interaction (the notation ε2 =
∣∣λiνλiν ∣∣ /(g2+ g′2) is introduced):
|µ|2 +m2Hu = Bµ cotβ +
m2
Z0
2
cos 2β − 2ε2M2Z0 cos2 β (15)
|µ|2 +m2Hd = Bµ tanβ −
m2Z0
2
cos 2β − 2ε2M2Z0 sin2 β. (16)
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4. Higgs Boson Masses
Now it is easy to calculate the masses of the Higgs bosons in our model.
Taking the second derivatives of the potential (14) with respect to ImH0u and
ImH0u in the minimum one gets for the elements of the CP -odd Higgs boson mass-
squared matrix:
M sq11 = |µ|2 +m2Hu +
g2 + g′2
4
(v2u − v2d) + λ2v2d = Bµ cotβ,
M sq12 = M
sq
21 = Bµ,
M sq22 = Bµ tanβ. (17)
The mass eigenstates are then given by
m21 =
2Bµ
sin 2β
, m22 = 0.
The zero eigenstate of the matrix (17)
√
2[sinβ(ImH0u)− cosβ(ImH0d)].
is the the Goldstone boson eaten by the Z0 boson in the Higgs mechanism, while
the combination
√
2[cosβ(ImH0u) + sinβ(ImH
0
d)]
is the CP -odd neutral Higgs boson A0 with the mass expression
m2A0 =
2Bµ
sin 2β
. (18)
Sometimes it is more convenient to use mA0 instead of the B parameter, they are
related via (18).
Let us now look at the masses of CP -even Higgs boson H and h, the latter
corresponds to the lightest Higgs boson in the MSSM. The mass-squared matrix is
obtained by differentiating twice the potential (14) with respect to the ReH0u and
ReH0d and substituting the expression for the vacuum expectation values (15) and
(16). One has, for instance
M sq11 = |µ|2 +m2Hu +
g2 + g′2
4
(2v2u − v2d) + λ2v2d = Bµ cotβ +M2Z0 sin2 β, (19)
M sq12 = −Bµ−
g2 + g′2
2
vuvd + 2λ
2vuvd = −Bµ− 1
2
M2Z0(1− 4ε2) sin 2β. (20)
The neutral CP -even Higgs boson mass-squared matrix then reads
M
sq
H,h =
(
Bµ cotβ +M2Z0 sin
2 β −Bµ− 1
2
M2Z0
(
1− 4ε2) sin 2β
−Bµ− 1
2
M2Z0
(
1− 4ε2) sin 2β Bµ tanβ +M2Z0 cos2 β
)
. (21)
The masses of physical eigenstates are then given by
m2H,h =
1
2
(
m2A0 +M
2
Z0 ±
√
(m2
A0
+M2
Z0
)2 − 4m2
A0
M2
Z0
cos2 2β +∆ε
)
, (22)
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Fig. 1. The dependence of the lightest Higgs boson mass on tanβ for different values of ε.
where the quantity ∆ε related to the new R-violating neutrino-Higgs interactions
considered above reads
∆ε = −8m2A0M2Z0ε2 sin2 2β − 8M4Z0ε2(1− 2ε2) sin2 2β.
In the limiting case mA0 ≪MZ0 one gets
m2h =M
2
Z0
(
cos2 2β + 2ε2 sin2 2β
)
(23)
which reproduces the MSSM tree-level upper bound for the lightest MSSM Higgs
boson at ε = 0
m2h =M
2
Z0 cos
2 2β < M2Z0 . (24)
Thus we conclude that in our model the Higgs mass constraint is less stringent.
Fig.1 illustrates the dependence of the upper bound for the lightest supersymmetric
Higgs mass as a function of tanβ for various values of the ε parameter. It is easily
observed that the bigger the value of ε, the higher the mass bound. In particular,
this takes place for small values of tanβ, thus making the parameter space less
constrained, and slightly open the scenario with low tanβ excluded in the MSSM by
non-observation of the Higgs boson lighter than 114 GeV (Fig.2). For the moderate
and large tanβ > 10 the contribution proportional to ε2 is practically negligible,
and the Higgs mass bound as well as the excluded region in the parameter space
practically coincides with those of the MSSM.
November 21, 2018 1:31 WSPC/INSTRUCTION FILE R˙higgs
R-Parity Violation and Supersymmetric Higgs Masses 7
 0
 100
 200
 300
 400
 500
 600
 0  200  400  600  800  1000  1200
m
1/
2,
 
G
eV
m0, GeV
tg β = 3 ε2 = 0
ε2 = 0.06
ε2 = 0.18
ε2 = 0.32
ε2 = 0.44
Fig. 2. Regions of the parameter space excluded by the non-observation of the Higgs boson for
different values of ε .
Note, that the modified upper bound on the lightest Higgs mass (23) has the
same form as in the Next-to-minimal supersymmetric Standard Model (NMSSM)
m2h =M
2
Z0 cos
2 2β + κ2v2 sin2 2β, (25)
where κ is the coupling of the three SU(2) singlet Higgs superfields.
For completeness we also calculate the charged Higgs boson masses which get
negative contribution from the λiν ν¯iHuHd term. The charged Higgs mass-squared
matrix reads
M
sq
H±
=
(
Bµ+ (
g2
2
− |λiλi|)v2 sinβ cosβ
)(
cotβ 1
1 tanβ
)
.
and the physical state mass is
m2H± = m
2
A0 +M
2
W − 2ε2M2Z , (26)
The zero mass eigenstate corresponds to the Goldstone boson eaten by W -boson.
We have not considered in this Letter the possible bilinear R-parity violating
term µiLiHu in the superpotential, since for our purposes it is practically irrelevant.
Its presence leads only to the redefinition of the Higgs scalar potential parameters,
while the Higgs mass relations (18), (22), and (26) remain unchanged. Our goal is
to demonstrate the possibility of relaxing the upper bound on the lightest super-
symmetric Higgs.
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5. Conclusions
In Conclusion we summarize the main results of this Letter. We have shown that
introducing the Yukawa interactions of neutrinos yijν ν¯iLjHu leading to their Dirac
mass terms and consequently the possible R-parity violating terms λiν ν¯iHuHd mod-
ifies the expressions of the Higgs boson masses since the latter gives F -type contri-
bution to the Higgs scalar potential. The final expressions for the Higgs masses in
our toy model are (18), (22), (26) and the tree-level bound on the lightest super-
symmetric Higgs boson
m2h0 =M
2
Z0
(
cos2 2β + 2ε2 sin2 2β
)
(27)
gets the noticable shift upwards for small values of tanβ. The shift is compatible
with the loop corrections to the tree-level MSSM expression. This opens the part
of the parameter space excluded by the non-observation of the light Higgs. The
situation looks like as in the NMSSM (25). Including the bilinear R-parity violating
term µiLiHu will not crucially affect our results. However, the more detailed study is
needed, and the analysis of the full R-parity violating model with the right-handed
neutrinos is under study and will be published elsewhere.
Acknowledgments
Authors are grateful to D.I. Kazakov and A.V. Bednyakov for fruitful discussions.
Financial support from the Russian Foundation for Basic Research (grant # 08-02-
00856) and the Ministry of Education and Science of the Russian Federation (grant
# 3810.2010.2) is kindly acknowledged.
References
1. H.P. Nilles, Phys. Rept. 110, 1 (1984).
2. H.E. Haber, G.L. Kane, Phys. Rept. 117, 75 (1985).
3. A.V. Gladyshev, D.I. Kazakov, Phys. Atom. Nucl. 70, 1553 (2007).
4. I.J.R. Aitchison, Supersymmetry and the MSSM: An Elementary introduction, e-Print:
hep-ph/0505105.
5. R. Barbier et al., Phys. Rept. 420, 1 (2005), and references therein.
6. J.R. Ellis, G. Ridolfi, F. Zwirner, Phys. Lett. B262, 477 (1991).
7. A. Brignole, J.R. Ellis, G. Ridolfi, F. Zwirner, Phys. Lett. B271, 123 (1991).
8. A.V. Gladyshev, D.I. Kazakov, W. de Boer, G. Burkart, R. Ehret, Nucl. Phys. B498,
3 (1997).
9. D.M. Pierce, J.A. Bagger, K.T. Matchev, R. Zhang, Nucl. Phys. B491, 3 (1997).
10. M. Carena, M. Quiros, C.E.M. Wagner, Nucl. Phys. B461, 407 (1996).
11. S. Heinemeyer, W. Hollik, G. Weiglein, Phys. Lett. B455, 179 (1999).
12. S. Heinemeyer, W. Hollik, G. Weiglein, Eur. Phys. J. C9, 343 (1999).
13. A.V. Gladyshev, D.I. Kazakov, Mod. Phys. Lett. A10, 3129 (1995).
14. D.E. Lopez-Fogliani, C. Munoz, Phys. Rev. Lett. 97, 041801 (2006).
15. P. Ghosh, S. Roy, Neutrino masses and mixing, lightest neutralino decays and a solu-
tion to the µ problem in supersymmetry, e-Print: arXiv:0812.0084 [hep-ph].
